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Abstract. Manuscript transliteration is generally conducted by reading the manuscript and
then writing the results to another piece of paper or storing them on a computer using a speciﬁc
text-processing program. The procedure of transliteration presupposes that the workers fully
understand how to read the manuscript, that no consideration is given to the length of the work,
and that workers will concentrate suﬃciently to minimize errors in rewriting. There are 3 main
steps for Javanese manuscript image transliteration, i.e., segmenting manuscript, transliterating
of Javanese script letters or numbers, and grouping syllables. The implementation of the
proposed model was tested on a Javanese manuscript with catalogue number SB.141 and at
a conﬁdence level of 95% and resulting in a success rate between 69.20% and 87.29%.
1. Introduction
As a great nation, Indonesia has a long cultural heritage captured in the form of information
about the noble culture of the past, in the form of either scripts or manuscripts that remained
uncounted until recently and exist in various locations [1]. These manuscripts contain historical
information about worship, manners, history, folklore, traditional technologies, spells, genealogy,
talismans, poetry, politics, governments, laws, customs, traditional medicine, and culture [2].
The manuscript media take various forms. The manuscripts were written in many diﬀerent
languages. Moreover, many diﬀerent scripts were used to write the manuscripts [3, 4, 5, 6].
Transliteration is the replacement of writing, letter by letter, from one alphabet to another [7].
The purpose of transliteration is to make old texts written in local script more accessible,
because most people are no longer familiar with the original script, such as old Javanese scripts.
However, transliteration usually cannot be conducted quickly except by philologists because of
the diﬃculties involved in reading the local script. This paper describes the results of research on
automatic transliteration, which is an implementation of the transliteration model for Javanese
manuscript images using a speciﬁc programming language as an alternative method to solve the
problems involved in the transliteration.
Many studies have been conducted that are related to transliteration either in whole or in
part. Shridhar and Kimura [8] provided the steps to identify handwritten words in Roman
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script. The word recognition process begins with correcting any slant in the document’s image
and then analysing images of the rows of words in the document. After obtaining the row images,
the process continues by ﬁrst correcting any slant in the line and then acquiring images of the
individual words in those rows. An initial segmentation process is conducted for every obtained
word image to obtain the basic components that form the words. The ﬁnal step is to incorporate
the basic components obtained in the previous processes by recognizing each character forming
the words. Tangwongsan and Sumetphong [9] developed a character recognition system to
analyse images of historic documents from Thailand, which achieved a success rate above 90%.
There are three main stages in the developed system: data preparation, segmentation and
character recognition. The data preparation stage includes two main processes: document
image binarization using the Otsu method, and ﬁxing any slant in the document image using
the Hough transformation method. During segmentation, two methods are applied: proﬁle
projection and object cutting. During the recognition stage, Daubechies wavelets method is
applied and followed by a principle component analysis.
The document image recognition methods described in [8, 9] imply that the stages in
document image recognition methods recognize the contents of the document image in letter-
by-letter fashion. Based on the studies above the manuscript transliteration approach used in
this study also recognizes Javanese manuscript image in letter-by-letter fashion.
2. Challenges
The ﬁrst challenge of manuscript image preprocessing is that manuscripts to be digitized are
often dirty and the digitization is incomplete. The manuscripts that must undergo digitization
are generally fragile due to the paper used to write the original manuscript or imperfect storage
conditions, which result in a non-white or yellowish colour, spots and consequently, unclear
script images. Another challenge stems from the characteristics of the script image of the tested
manuscripts itself: the boundaries between script rows are not clear, causing the script to appear
to contain only 1 object rather than a group of 2 or 3 objects.
The second challenge is that the handwriting found in manuscripts tends to be inconsistent
in terms of thickness, size, and the slant of the script. This is likely due to diﬀerences in the
pens used, the pressure applied when writing, the style used to grasp the pen, and the use of
inks that may have had diﬀerent drop volumes.
Finally, Javanese manuscript transliteration requires that the process is not be limited only
to script replacement but also includes the formation of the words resulting from the script
replacement. Here, a new problem arises, because classic Javanese scripts did not use space
symbols to separate words.
3. Proposed Method
After conducting a survey to identify the data sources and performing a literature search related
to the concepts of automatic transliteration and the rules of Javanese script writing, a model of
transliteration is created, followed by the establishment of a Javanese scripts feature and its text
label that is used to test the model implementation in the laboratory. During testing, whenever
the results achieves a very low success rate, the model and the pertinent modules are revised
and retested, until the transliteration process achieves a fairly good success rate. This paper
extends the result of [10], especially in the postprocessing phase when manuscript images are
being recognized.
Figure 1 depicts the details of the general transliteration model along with detailed
components of each subprocess or submodel. There are three main parts in the complete
manuscript transliteration system: (A) establishing a database of words, syllables, and
a probability table, (B) establishing a database of script characteristics, and (C) image
transliteration of the manuscript.
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Figure 1. The general model of manuscript image transliteration.
The goal of Section A in Figure 1 is to produce a database of words and a probability table
showing the probability of the appearance of a syllable after another syllable or a word after
another word. The input of this section is the Latin manuscripts. The manuscripts are in
.txt format and form rows of sentences that will be fragmented into rows of words during the
”Word Fragmentation” subprocess. Then, those words will be separated into syllables during
the “Syllable Fragmentation” subprocess. After producing a row of words and syllables, the
probability tables showing the likelihood of the appearance of a syllable after another syllable
are produced. Similarly, the probability tables showing the likelihood of the appearance of a
word after another word are created in the “Probability Calculation” subprocess.
The goal of Section B in Figure 1 is to produce a Javanese script image database, which
contains data representations of the images of Javanese script, as well as the features extracted
from each Javanese script image as well as descriptions of the names of these characteristics in
the form of syllables. The inputs for section B are the manuscript images that will be used as
the main materials when conducting transliteration of the input Javanese script images.
Section C is the most important part in the overall transliteration model of manuscript images.
The input of this section is the manuscript images that will be transliterated. Three subprocesses
must be conducted to obtain the transliteration of the input manuscript image: segmentation,
script image transliteration, and word formation. The expected output of the segmentation
process is the rows of script images that form the input of the manuscript images. The Javanese
script images are transliterated into Latin script during script image transliteration. Finally, the
transliterated script image will undergo the word formation process to obtain a row of words in
text format.
3.1. Manuscript segmentation
The goal of manuscript segmentation is to get all Javanese script images from the input
manuscript image transliteration. The input for processing consists of the scanned images
of the copy of the original manuscript. Based on characteristics of the Javanese manuscript
image—i.e., each of row is separated by space, and each of script is separated by space too—
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then projection proﬁles are used for the segmentation of the manuscript image. The complete
processing model for script segmentation is depicted in Figure 2.
Figure 2. The model for segmentation of Javanese manuscript.
First, the image is binarized, which converts the input image into a binary format containing
only black or white pixels. The Otsu method was selected for binarization because it produces
good results on printed text document images in Javanese script.
Observation of the new binarized image shows that considerable noise exists, which looks like
groups of dots or grains of sand. Therefore, the next step is noise reduction, which is a process
to remove objects that are not considered to be parts of the image. Here, objects are regarded
as noise when they have height and width between 1 and 7. These values are obtained based
on a study indicating that characters have a minimum height and width of 8, therefore, objects
with height or width below this minimum value can be considered as noise.
Manuscript segmentation initially ﬁnds the rows of script forming a manuscript, a process
termed row segmentation. Then, it proceeds by isolating the script forming each row, called
script segmentation. To conduct a rough segmentation on a row, the ﬁrst tool used is the
vertical projection proﬁle, which projects the object pixels vertically to obtain information on
which rows consist of groups of pixels forming the objects [11]. Because the script rows sometimes
touch each other in manuscripts, the vertical projection results must be reﬁned, for example,
by moving average algorithm by Efstathiou, to obtain a curve that reﬂects the clarity of the
distance between the phases relatively well. The phases in the curve are clues as to where a row
starts or ends. Each phase shows one row of the script image.
Characteristically, Javanese manuscripts often do not show clear distances between rows;
consequently, the trimming operation on the row image using the smoothed vertical projection
will likely result in some scripts being trimmed as well. Each script that is entirely situated in
the found row range will be clearly available; however, more often, parts of the scripts bleed
over into the next row. To overcome this problem, the concept of pixel connectivity is applied to
ﬁnd the complete scripts. To address unreasonable row heights, the model used here ﬁrst checks
whether the row height is reasonable. Based on Javanese script characteristics, it is concluded
that a reasonable row height equals the average height of all objects forming the manuscript plus
two times of the standard deviation of the average height. The average height of the objects
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forming the manuscript is obtained by evaluating all the objects in the manuscript using a
connectivity operation between the pixels in any given object.
Each row image resulting from row segmentation becomes the input for the script
segmentation process, which obtains the script images from the related row. Horizontal
projection [11] is applied to obtain information concerning in which columns a group of pixels
forming a script image are found. When the results of script segmentation can still be considered
as a group of two or more scripts, a further process for script segmentation must be conducted.
To ﬁnd an initial clue about where the script should be segmented, the script width is evaluated.
A script width is considered reasonable when it is no greater than the average width of all the
objects forming the manuscript.
3.2. Script recognition
Considering inconsistencies in the result of handwriting, it is necessary to ﬁrst improve the script
image during the transliteration process to minimize writing diﬀerences. The transliteration
model for Javanese script images is shown in Figure 3. The features of each script image to
be transliterated are made uniform in terms of slant, thickness, and size. In this research, we
use maketform() and imtransform() to repair the diﬀerent slants. The Rosenfelt algorithm is
implemented for reduction of the diﬀerence in thickness of scripts [12], and method imresize()
is used to repair the diﬀerence in script size. From the result of studying several sizes of script
image samples, we conclude that the minimum script image size of 88 × 88 pixels contains all
objects in the script image.
Figure 3. The model for recognition of Javanese script.
After obtaining uniformity in the external attributes of the Javanese script images that will
be subjected to the transliteration process, the next stage is to ﬁnd features that can be used as
standards to determine the script image replacements. Surinto [13] proposed a method of Thai
script image feature extraction, that can be replicated for Javanese script images. The proposed
method involves counting the number of black pixels in certain areas of script.
In the process of classiﬁcation, the choice of Latin name description or syllable is made by
comparing the similarity between the input script’s feature and feature of the image stored in a
database. The method 1-NN is implemented for classiﬁcation on this research.
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3.3. Grouping syllables
The last process in transliteration is grouping syllables produced by the script recognition step
into suite of words. The problem on this step is that there is no symbol for space in Javanese
script, whereas a space is used to separate words. In this step we use dictionary as a tool for
checking the word resulted from the last process. When a formed word occurs in the dictionary,
then the syllable grouping is assumed to be correct. One problem that must be addressed is how
many syllables should be grouped to form a single word. Widiarti and Winarko [14] reported
that up to 7 Javanese language syllables can be grouped during word formation.
Assuming that all words that can possibly appear from a grouping of syllables resulting
from the script image transliteration are available in the dictionary, the implementation of the
grouping model for rows of syllables will certainly result in the appearance of rows of suitable
words from the dictionary. However, previous research found that the transliteration model
established for manuscript word recognition results in some errors, which are primarily due to
incorrect script segmentation. These errors increase the probability for incorrect transliterations
because they cause errors in subsequent feature extraction and script grouping. When such
problems occur the syllable grouping will likely be unable to ﬁnd a suitable matching word or
will result in an incorrect match. Based on the probability that such problems will occur, another
tool, in addition to the dictionary, is needed to check the formed words; one that predicts the
appearance of a syllable based on previous syllables. Widiarti and Pulungan [15] proposed to use
discrete-time Markov chains to predict the syllable that will appear next based on the highest
probability of syllable occurrences after a previous speciﬁc syllable. They also proposed an idea
of using a simple 2-dimensional matrix to manage the data for this syllable-probability table.
Based on the patterns of syllable groupings as described above, a model of syllable grouping
is made and depicted in Figure 4. The process of grouping the syllables begins with
Syllable Correction, a stage that prepares the syllables before they are combined with other
syllables to form words. After rows of syllables have been produced and are ready for further
processing, the syllable-grouping stage begins. Each time a new word is produced by the syllable
grouping process, the new word is searched in the dictionary. When any problem occurs, the
probability table of the appearance of syllables is used as a tool to predict the appearances of
other syllables when no word containing the syllable can be found. The selection of the syllable
that follows is based on the syllables with the greatest appearance probability.
4. Evaluation of the method
The ﬁrst evaluation is to analyse the method of manuscript segmentation. The primary data
source used in this evaluation is a digitized copy of the manuscript with the catalogue number
SB 141. Figure 5 shows a part of those manuscript, which has a mbata sarimbag style and stored
in the Sonobudoyo Indonesia museum. The automatic segmentation of a portion of the SB 141
manuscript resulted in 291 scripts. Experts were consulted to determine which scripts were
correctly segmented and which were not. Furthermore, 168 scripts were randomly selected to
evaluate the segmentation result. The number of correctly segmented characters were counted,
and the result showed that 91.07% of the scripts were correctly segmented. The same operation
was repeated four times, and the obtained validity percentages were 89.88%, 92.86%, 89.29%
and 88.69%, respectively. Based on these 5 tests, the average segmentation validity is 90.36%.
Using this average transliteration success percentage of 90.36% and a conﬁdence level of 95%, it
can be concluded that the average validity of all manuscript segmentations using the proposed
script segmentation model will be between 85.9% and 94.82%.
To obtain the range of the validity percentage of the transliteration model, an additional
internal proportional test was conducted. There are 291 original Javanese script images
segmented from the manuscript used to test the model. Using Slovin’s formula, the minimum
number of samples required for a statistical test is 168. To obtain an accurate result, 4 series
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Figure 4. The model for syllables grouping from manuscript transliteration.
Figure 5. A part of SB 141 manuscript image.
of tests were performed similarly to the above, obtaining transliteration validity percentages
of 81.2%, 79.2%, 78.6%, and 79.8%, respectively. Using these validity percentages, the new
average validity percentage is 79.6%. With an average transliteration success percentage of
79.6%, a conﬁdence level of 95%, and 168 data points, the conﬁdence interval value of the
average validity percentage of the transliteration falls between 73.51% and 85.69%. An analysis
of one of the incorrect transliterations, indicates that the error is because there are script images
that should be written separately, but instead, they were written in a connected manner.
The input data for testing the model of syllable grouping is a list of syllables transliterated
automatically from the previous model test. The data for model testing may contain errors.
Error in the test data may stem from errors that occur from the segmentation to the script
transliteration phases. One manuscript used as test data has 100 known words marked by
numbers to illustrate their order of appearances. The number 100 is taken as the population.
Slovin’s formula for a population of 100 words requires 80 words as the minimum sample size. By
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using an analysis similar to the interval proportion test for the segmentation and transliteration
models, experts ﬁrst performed manual transliterations, and then 5 random selections were
made from the 80 words. A check was made to determine whether any word in the order was
produced correctly or not. Word production is assumed to be correct if it is similar to the
manual transliteration conducted by experts and wrong otherwise.
In the ﬁrst 80 words result of the transliteration, depicted in Figure 6, only 63 words were
similar between the manual and system transliterations. Based on the correctly produced words
from the total sample, the validity percentage is 80%. This procedure was repeated 4 times,
achieving correct syllable groupings of 75%, 78.25%, 78.75%, and 78.75%, respectively. The
average of these 5 validity percentages is 78.25%. Using the internal proportion test, it can be
assumed that the average conﬁdence interval of the validity percentage at a conﬁdence level of
95% is between 69.20% and 87.29%.
Figure 6. The output of SB 141 manuscript transliteration.
5. Conclusion and future work
Javanese manuscript image transliteration involves replacing a row of images of Javanese script
with a row of Latin text. The manuscript image transliteration model includes three interrelated
and sequential submodels: manuscript image segmentation, Javanese script image to Latin script
transliteration, and syllable grouping or word formation based on the transliterated Javanese
script images.
Given the diversity in the height and width of Javanese script images written by the original
manuscript authors, an adaptive approach becomes a non-negotiable rational approach to solve
the problems in Javanese script image segmentation. The result of this research to solve the
problems of Javanese script image to Latin script transliteration indicates that the structural
approach can be applied to Javanese script feature extraction, with the requirement that the
images of Javanese script that will be processed have been made uniform in certain physical
characteristics: namely equal in size, thickness and slant. A dictionary of Javanese words is
a reliable tool to test whether the result of syllable grouping from the Javanese script image
transliterations forms valid words. To solve errors that occur while replacing the scripts, namely
those that are due to the segmentation failures or errors in the script replacement process itself,
a tool based on Markov chains is developed to predict the probability of the appearance of a
syllable or a word based on previous syllables or words.
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